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The top quark :

4 « Top is by far the heaviest known
1 03 particle
10 [ ﬂ * A role in electroweak-symmetry
> 10 | breaking?
2 10 reaking’
(3; 10 K b o ;/lflllleré 1\\//\{76 find Higgs, a precision test
T of the
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» Tops produced
predominantly in pairs

el  Decay ~always to W+b

« Topology depends on W
decay (hadronic vs
leptonic)

« Combinatorics ...

displaced ° Up to 6 jets

tracks

Secondary o Up to 2 neutrinos ...
vertex
\ Ly .

Primary -y Tagging jets from b quarks

reduces combinatorics, cuts

[ y away background
X

prompt tracks z
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Jet Energy Scale (JES)
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What we actually see in our detector ...
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Typical S:B i

Typical S:B values for different channels

Dilepton Lepton+Jets All-Hadronic
tt->bbl*l-vv tt->bblvqq tt->bbqqqq

o-tag b-tagged |1 b-tag 2 b-tag |1 b-tag 2 b-tag
1:1 20:1 4:1 20:1 1:5 1:2

[ CDF Run Il preliminary ]

All-hadronic Neural

. . 10° ; Ky
Network used in selection to E . .
improve S:B SN

a *  Multi-jet events (1.02 fb™)
102 s ¢ L ]
8 tt (m,=175 GeV/c?) ¢

10

) 0.2 0.4 0.6 0.8 1
NN output cut
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DZero dilepton Matrix Weighting i

2 [ . signal m =175 GeV « Each lepton-jet pairing given weight of
:>: ., Ebackground DO Runil Preliminary expectation to find lepton with measured
+ data energy, PDFs for initial quark energy,

" integrate over unknown t and tbar pt

- Jet Energy Scale once again dominates
o | the systematics

lllllllIIIII[IIIIIIIIIIIIIIII

5

0 120 140 160 180 200 220 240

DO Runll Preliminary *

1 fb

My, = 175.2 = 6.1 (stat) =
+ 3.4 (syst) GeV/c?

llllllllllllIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII]

' _ ~ 160 170 180 180 200
DO >
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DZero dilepton NWA measurement 4

DO Preliminary 1fb’

- « Neutrino Weighting Algorithm integrates
2 ik over unknown pseudorapidities of the two
Sl neutrinos, weights solutions by agreement
E’Lzseg% with missing ET (MET)

« Use mean and RMS of weight
distributions from MC as estimators, fit to
3d templates

« Systematics dominated by JES

-2570|
-2571f
-2572|

-2573|

-2574 o
:I L 1 L [ 1 L 1 L | 1 1 L 1 I 1 1 1 L [ 1 1 L 1 | 1 L 1 1 | 1 1 1 L [ L 1 L 1 | 1 L 1 1 :
155 160 165 170 175 180 185 190 195 200 OO
m,,, [GeV] q;) 0.07
0.06
0.05

Mtop =172.5+*5.8 ..

(stat) = 3.5 (syst)
GeV/c?

w-| fb-1 mean I m,, (GeV)

o

.03

IIIIIIIIIIIIIIIIIIIII[IIIIIIIIII
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o
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DZero dilepton combination i

200 -
DO Run Il preliminary

190 - :
% * e »? C
S 180 - 0=0.67 &.::ﬁ..:o“t .
/)] o'.o . 8¢5 A
8 170 - RRRER: 2 5/ Lo
E SERESTPAAES S SEAE
= 160 - R

150 - ’

140 . T . l .

140 150 160 170 180 190

MWT mass (GeV)
M, = 173.7 = 5.4 (stat) = 3.4 (syst) GeV/c?

DES1 b
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CDF dilepton template measurement

Tagged 2d DIL Signal probability (Mop =170 GeV/c?)

« Also uses Neutrino Weighting Algorithm,
selects peak (most probable value) of
weight distribution as first observable

« Second observable is the H (scalar sum
MET, lepton P, jet P;) in the event
 Again limited by JES systematic

mieco (GeV/c?)

A -log(L)

Mtop — 171.6 +3.4/_3.2 2: CDF Run Il Preliminary (1.9 fb™))
(stat) = 3.8 (syst) :

GeV/c? \

TTTTTTTT T T T T T I T T T T I T T TTTI T T I I T T
RN LN RN LN RN L R

|

ﬁ/' VA‘ 0 1 1 L L 1 1 1 1 L L
=0 e 1 9 fb-1 160 165 170 175
*7* *7'”,!‘ [ |

1 1 I 1
180

2
Mtop (GeV/cY)
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A handle on the Jet Energy Scale ;’

o Dijet mass of
hadronically
decaying W provides
in situ calibration of
JES

— 1-tag Lepton+Jets

0.02

0.01

c F Systematic uncertainties. Cone 0.4 . [ -
— e — el

g :“ Quadratic sum of all contributions ] 'E [~
@ — = = Absolute jet energy scale — =3 I 1.0 AJES (oc)
g __ == Qut-of-Cone + Splash-out ] 0 0-05 —
= C Relative - 0.2<[n[<0.6 ] '<- B
:g — -+ Underlying Event ] F —0
© = | -
= = = 0.04
/] - ] —
- [ o e b e it o o 1 . -
n L _ -
— 0__ I . i H :: " :: ._. 0-03_
© _ R . -
c ' ] -
O () () v mm e e e e m e — -
el e ]

° -
© -
b -
u —

H,]III|III|II"$.|'I

IIIIIII|III|I

III]IlIIIlIlIIIII %
120 140 160 180 200 0

Corrected jet P; (GeV)

_0‘1lIIIIIII]IlIIIlIlIIII
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CDF Lepton+Jets template measurement

2-tag 2d Signal probability (M,,, = 170 GeV/c’) oo
« Form an estimator for the top quark
mass using knowledge of overconstrained
kinematics (one number per event)

« Use dijet mass of hadronically decaying

W as second observable, to constrain JES

[T I T T T I T T T T T T I T T T I T T T [ T T T l 1]
i § : é . ==Alog(L)=05 | ]

A s (O¢)

—Alog(L)=2.0 "]

mpeco (GeV/c?) |
== A log(L) = 4.5

Mtop — 171.8 + 1.0 —
(stat+JES) = 1.0 o
(syst) GeV/c?

II[I]IIIIlIIII’IIIIIIIII

1 I 1
178

1 I 1 1
- Vi 176
e M, (GeV/c’)
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CDF combined template measurement

o T o R A T LA B LA L
%, | IR S SR N _..—alog)=05 |  «Combine Lepton+Jets
s [ 5 : 5 ~ —alogy=20 ]  and Dilepton template
N —Alog(L) =45 i measurements in the
0_5__- ........................................................................................................................................ — same likelihood
- 1 + Robust combination
T NS S NS | G U U ]+ No assumptions about
- .1 correlations for
- 1 systematics
w0 D NG NG N N — o Dileptons make use of
5 1 the Lepton+Jets in situ
915 RN S S S 4 JES calibration
- |CDF Run |l Preliminary (1.9f67) |, , , |, , , |-

166 168 170 172 174 176 17
M,,, (GeV/c

M;op = 171.9 £ 1.7 (stat+JES) + 1.0 (syst) GeV/c2
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CDF All-hadronic template measurement

S0.14
0
o
e

e
—h
N

Fracgion of Events/
o o
(++] —h

S P(mt'ecl Mtop,JES)

tt m{* templates, 1 tag events (JES = 0.0) « All-hadronic selection with neural
network to increase S:B
B Miop = 160 . ) .
—p 70  Kinematic fitter using knowledge of
op = o . .
P overconstrained kinematics: one
Mtop = 180 :
estimator for top quark mass
Mtop = 190

« Use fitted mass of hadronically decaying
Ws to get a handle on JES

e CDF Run Il Preliminary, (1.9 fbr)
wn 3
0.04 w -Ln(L/L ) Contours, 1+2tags events
2~
0.02 _
o I ST T T N O T N B

100 150

Jahred Adelman

200

250 n:&o(-G;v-) oé %
M,,, = 177.0 = 3.7 (stat+JES)
+ 1.6 (Syst) GeV/ c? z:t::i:;:f):::))

- — -Ln(LL__)=4.5(30)

L}
—
T 1

| K Fitted Values

3 llllIlllllIlllIllllIlllllllllllllllllllllll]lllll
-

150 155 160 165 170 175 180 185 190 195 200
Mtop (GeV)
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Matrix Element Analyses ¥

 Try to extract as much information as possible from
every event using theoretical prediction for ttbar
production and decay

 Integrate over unknown parton energies given a
measured jet energy

ME for ttbar production Transfer function: probability to observe
and decay jetj given parton p /

P(i|M,)=— f do|M ;(p:M )| | |W (2. ) Fonr (@) fopr (22)

objects K
Parton Distribution
Functions for incoming

Normahzatlon
Parton-level phase space partons

Probability to observe x in detector, given a top quark mass

Jahred Adelman University of Chicago La Thuile Top Mass



CDF dilepton ME measurement i

a0 T T
£ aolt CDF Run Il Preliminary (2.0 fb°) - « Revisit event selection via evolutionary
: % - neural networks (20% improvement in a
°F = 1 priori statistical uncertainty on top mass)
14 . * - « JES dominates systematics
12} . ]
1ok o ® ] CDF Runll Preliminary (2.0/fb)
o ] _.Q -'"'I""I""I""I""I""IA'D'até"'l"'-
8 = PY ] ch - »++ Bkg. Uncert.-
6L ° o 1 o , Z— ee
‘ o o ' 10°F BZ—un
al @] ] - JZ—w 3
‘. e - ) fakes )
2r '.0. | i [ Diboson
o b b b b b b by g a1

55 160 165 170 175 180 185 190 595
M, (GeV/c?)

M,,, = 171.2 = 2.7 (stat) i
+ 2.9 (syst) GeV/c?

= 220 fb-1 02 03 04 05 06 0.7 08 09 1
T Neural Net Output
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DZero Lepton+Jets ME measurement

Calibrated 2D Likelihood
DO Runll Preliminary

R S « Weight permutations by b-tagging
108 probability, including 0-tag events
N « Integrate over P, of ttbar system
1.06
1.04 —
1.02
’ Calibrated 2D Likelihood
1 B DO Runll Preliminary
0.98 @ 1.1
] -
0.96 1.08
0.94 — 1.06
150 155 160 165 170 175 180 185 b
Wop (GeV) 1.02

-

Mtop = 170’5 - 2-4 (Stat+JES) 0.98
+ 1.2 (SYSt) GeV/ c2 0.96

0.94

' 0.92
O 9 fb'1 145 150 155 160 165 170 175 180 185 190
- M., (GeV)

IIIllllllIIIIIIIIIlIIlIlIIIlllllllll
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CDF Lepton+Jets ME measurement i

CDF Run 2 Preliminary 1.9/b
Number of events

-4 -2 0 2 4 6 8 10 12 14 16 ‘I.ﬁ
Log-likelihood value at peak -
Signal (172) + background MC = Data events
I Background MC
My, = 172.7 £ 1.8
(stat+JES) = 1.2 (syst)
GeV/c2

£
s 1.9 fb-
Uie

« Weight permutations by b-tagging
probability, use only tagged events

« Make peak likelihood cut to remove poorly
modeled events (signal+background)

« Modify propagators in matrix element to
account for incorrect assumptions in
integration

CDF Run 2 Preliminary 1.9 fb™

1.05-
e —AnL)=-05
"F —A(nL)=-2.0
M —A(InL) =-4.5
1.02}—
1.015—
1
0.99
0.985—
0'971?;6' BT '1'}0' —z '17|s' | '1718'2'
m, (GeV/c")
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Example of systematics

Systematic Lepton+Jets | Dilepton
b-JES 0.6 0.5
Residual JES 0.5 3.5
ISR 0.3 0.4
EF'SR 0.2 0.5
PDFs 0.3 0.5
Generator 0.2 0.8
LJ bkgd shape 0.2 0.0
DIL bkgd shape 0.0 0.4
MC statistics 0.1 0.2
lepton energy scale 0.1 0.4
pileup 0.1 0.1
gg fraction 0.0 0.2
Combined 1.0 3.8

18

« Systematics (in
GeV/c?) from CDF
Lepton-+Jets and
Dilepton template
measurements

» In the process of
revisiting all of
these numbers
 Trying to
understand
similarities,
differences between
CDF and DZero
procedures

Jahred Adelman

University of Chicago

La Thuile Top Mass



DZero Mtop from Lepton+Jets Xsec ¥

D@ Preliminary, 0.9 fb™ , , ,
514 o « Pair production cross section depends on
o [ pp— tT+X — l+jets+X
‘b; [ e Total uncertainty top mass
12 wefid average « Measurement of mass using xsection

..~ NLO Kidonakis et al. . )
N Theoretical uncertainty makes very different assumptions than

other analyses
« Require b-tag, at least 3 jets
-« Needs input from theory!
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FRiat
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-
Y,
e
. Tree..
.....
e
e
LI
L

,,,,,,,, M,,, = 166.9 +5.9/-5.2 (stat+syst)
.......... +3.7/-3.8 (theory) GeV/c? theory:
Kidonakis and Vogt

| L ] T T T I T T I

: 1
1 1
sy vwa Lo v Ly vy by

R 70 75 180 185
op Mass (GeV) M, = 166.1 +6.1/-5.3 (stat+syst)
+4.9/-6.7 (theory) GeV/c? theory:

Cacciari et al.

DES 0.9 b1
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Combinations g’

150 160 170

1 I I

180 190 200

CDF Top Quark Mass Combination D@ - =included in combination Summer 2007
(*Preliminary)

All-hadronic 186.0 =10.0 = 5.7 Runl Dileptons*  F——@— 168.4 2123 230 Gev
Run |
(Rim § Run | Lepton+jets * H-e—H 180.1 3.6 139 GeV
Dilepton 167.4 +10.3 = 4.9| Run | Alljets H Py L1 178.5 137 £7.7 GeV
(Run 1)

Run Il Dileptons * H—e&—H 173.7 5.4 34 GeV
Lepton+Jets 176.1+ 5.1+ 5.3
(Run)) Run Il Lepton+jets * FoA 170.5 1.8 120 GeV
*All-hadronic 1770+ 3.3+ 2.4
(2 D@ combination (august 2007) HOH 172.1 115 1.9 GeV

. —o—
*Dilepton 171.2+ 2.7+ 2.8
( 27" World average (march 2007) HOH 170.9 1.1 215 GeV
’ 15 5 1 1 I 1 1 1 I 1 L 1 l 1 1 1 l 1 1
Lepton+lets (<L,>)  180.7 = 135 = 8.6 140 160 180 200
( 1fb) '
Top Quark Mass [GeV]
*Lepton+Jets 172.7 + 1.2+ 1.7
( 2fb")
Tevatron world average March 07:

*CDF March 2008 172.9 = (1{.%:(1 .15)
CDF Run I+1] stat.) = (syst. |\/I —

+ 1.5 (syst) GeV/c?

La Thuile Top Mass

Top Quark Mass (GeV/cz)
Jahred Adelman

University of Chicago




Future prospects (view from one experiment)

A M,(total) GeV/c

10

" CDF Top Mass Uncertainty

(all channels combined)

- 1fb" 2fb" 4fb" 8fb”
I 2SR 2R 2
= *
v CDF Results ~Y AM/M < 1%
- * Run lla LJ goal (TDR 1996)
! Scale A(stat) /\J[, Fix A(syst)
5 (assumes no improvements)
i ScaIeA(totaI)/\E
- (improvements required)
|| I 1 | 1 L1 1.1 l | 1 1 | |
10° 10° 10°

Integrated Luminosity (pb”)

 Analyses becoming
systematics limited,
but no reason to
think we can’t make
improvements with
more data and new
ideas

 Approaching a 1%
top mass
measurement!

Jahred Adelman University of Chicago
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Backup 1
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Example of backgrounds
0-tag tagged

WWwW 6.3 £1.0 0.2 £0.04

WZ 1.5 £0.2 0.03 £0.00
ZZ 1.1 £0.8 0.1 0.1
BNinm 4.3 £1.3 0.2 £0.1
DYee, pp 11.7 £1.9 0.6 £0.1
fakes 5.6 £0.4 1.2 £0.2

Total Background 30.4 £4.1 2.4 0.4

it (6.7 pb) _ 40.1 £3.1 55.8 £4.2

1-tag 2-tag

Wbb 9.1 2.1

Wee 5.0 0.4

We 3.3 0.1

W (mistags) 10.4 0.2
single top 2.0 0.7
diboson 2.4 0.2
QCD 10.4 0.3

Total Background |42.7+12.5(4.2+1.9

tt (6.7 pb) 156.7 76.6

23

« Background estimates for
CDF template dilepton (top)
and Lepton+Jets (bottom)
analyses (1.9 fb?)

« Most background
shapes/kinematics are MC-
based, except for fakes/QCD
« Rates are typically a
combination of data and MC
» Requiring a b-tag
significantly cuts away
background

Jahred Adelman University of Chicago La Thuile Top Mass




CDF Dilepton Pt

P distribution (GeV/c) p
CDF RUN Il preliminary 1.8fb
o258
L L
3 - — Data (250 leptons) B
G 3"
Dol = Signal+Background ' 14
320F
5 — == Signal
e +
lu —
15— = Background
10— |1
B - +21.6 2
- Mmp =156.2 7, (stat.) GeV/c
5
0 L P L1 ~ N | RS
0 50 100 150 200 250 300
P; (GeV/c)

24

 Lepton from W decays
get larger boost with
increasing top mass
 Measurement very
statistical limited, but
good practice for LHC

« Systematics largely
uncorrelated to JES

M,,, = 156 = 20 (stat) = 4.6 (syst) GeV/c?

Jahred Adelman

University of Chicago
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Kinematic Fitter for Lepton+Jets

« Instead of taking the invariant mass of the system, we will have to make a
measurement by comparing data to Monte Carlo simulation

« Find the parent top mass distribution most consistent with our data

« We want to measure a variable that’s correlated to the top mass
« System is over-constrained (helps choose from 12 possible jet-parton assignments)

What we know What we don’t know
6 final-state particles *4 vectors = 24 needed 24 unknowns
4 jets and charged lepton 4-vectors = 4*5 = 20 4 unknowns
We know the mass of the neutrino = 1 3 unknowns
We know the W mass quite well (both of them) = 2 1 unknown

Require my,, = m,; 1o, = 1 0 unknowns

Transverse components of p, from momentum conservation =2 2 constraints

_ . | (pfil,’fit B p?'l,ﬁmeas)z . (U]fzt . U]meas)Q
X = i={4jets 5 + Zj=zy 2
Ui Uj
(Mj; — Mw)? (Mg, — Mw)?  (Myj; — My)* (M, — M,)?
+ 2 2 + 2 + 2
FW FW Ft Ft

Jahred Adelman University of Chicago La Thuile Top Mass
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DZero Mtop from Dilepton XSec
D@ Preliminary, 1.05 fb™

<14
Q L 0
+X — I+ . . .
e E Total trne tlalr>t(ainty * Dilepton branching fraction
© o World average smaller -> larger uncertainty on
- NLO Cacciari et al. top mass
- - Theoretical uncertainty
10_—
8- N ——,n
— -, - M., = 174.5 +10.5/-8.2
i o Sre— (stat+syst) +3.7/-3.7 (theory)
- b N GeV/c? theory: Kidonakis
i L E and Vogt
4 :
—llllllllilllgllllllllllilllllilll M =1 .1+ .8 _8.
27160 165 170 175 180 185 top = 174-1+9.8/-8.4

Top Mass (GeV) (stat+syst) +4.2/-6.0 (theory)
GeV/c? theory: Cacciari et al.

PES1.1 b
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More TeV mass combination

Comparison of M,__ in Different Final States
(Tevatron Preliminary, March 2007)
@ Dilepton - All-Jets
8.7+5.6 ¥Z =3.2(7%)
@ Lepton+Jets - All-Jets
1.0+ 4.1 ¥Z =0.1(75%)
® Lepton+dJets - Dilepton
7.7+43 x° =2.4 (12%)
I l | l
0 10 29 30

|A M, | (GeVic)

27
Tevatron Results (*Preliminary)
DO-I dilept :
-1 dilepton
L= 12500 " 168.4+12.3+ 3.6
CDF-I dil
Al 167.4+10.3 = 4.9
‘DO-I dilept :
-1l dilepton
(L=1030 pb”) 1725+ 58+ 5.6
CDF-Il dilepton
(szosoig% 1645+ 3.9+ 3.9
CDF-I lepton+jets
-l lepton+je + -
DO(LI__I ,otspb-j)t 176.1+ 5.1+ 5.3
-1 lepton+jets
(L= rgspbl’; 18%1 +3.6+3.9
COF-IL, | L 157
i
.D;LTITO:E). t 170916+ 2.0
-1l lepton+jets .
.C(;To:,.,f: 170518+ 2.0
-1l all-jets
Lo 04300") 171 ; +2.8x32
CDF-I all-jets .
(L=110p5') | 186.0 +10.0+ 5.7

“Tevatron March'07
(CDF+D0 Run I+11) 17091 11 * 15

(stat.) = (syst.)

x*/dof = 9.2/10

I 1 I |

150 160 170 180 190 200
Top Quark Mass (GeV/c?)
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More CDF mass combination

Comparison of Mtop in Different Final States
(CDF-II Preliminary, March 2008)

—— A M (All-J - L+Jt)

4.9t 472 X2 = 1.4/1 (24%)
—— A M (All-d - Dil)

7.7t 4.7 2= 2.7/1 (10%)
—— A M (L+Jt - Dil)

2.8+ 3.6 x° = 0.6/1 (43%)

-5""0""5""10'"'15'"20'"'2§"'30'"'35"40
| A IVlwp (GeV/c)

28

Comparison of M, ,, in Different Final States

(CDF-II Preliminary, March 2008)
All Jets
®

177.5 + 3.9

Dilepton
o
169.8 + 3.5

Lepton+Jets

——

172.6 = 2.1

"16(5"'16" 170 175 180 185
(GeV/c)

tOD
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Implications of the top mass ...

i I;I | [T T T T I T T T T I T T T T | T T T T I T T T T _

1 ﬂﬂlr_zd = : 80.70 __ experimental errors 68% CL: ]

S — [.02758+0.00035 (f ¢ ] i LEP2/Tevatron (today) ]

1 == 0.02748+0.00012 Y 7 : I Tevatron/LHC 1

: ~3 3 80.60 [ . —

— ==+ incl. low Q° data s - . — ILC/GigaZ T

4 : - ~j~"*"‘\‘x§h'c595¥ ]

e ] ® soso- . MasMm

{:j 3 - o g - / it b
= B
8040
2 - L

1- | 80.30 |- M= 7

1 1 MSSM i |

: Preliminary 80.20 both models
D 3[] 1 (I]D I BDD | Heilnemeyer, Hollik, Stockinger, Webler, Weiglein ’07:
160 165 170 175 180 185
m, [GeV] m, [GeV]
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Effective propagators .

Hadronic effective propagator Leptonic ettective propagator

Delta Mt Delta Mt

10

~
LT

4000 5000 6000 7000 8000 9000 4000 5000 6000 7000 8000 9000
MW squared MW squared
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CDF Lepton+Jets template 1d projections '

S .
-~ = (&] I~ .
S . " 1-tag: 233 events
o 50 1-tag: 233 events > 50( J CDF Run Il Preliminary (1.9 fb™)
(O] B |:| Data 8 I D Data
% 400 _ © ,of [OSignal+Bkgd
2 ; (] signat+Bkgd % - [OBkgd only \
5 30- [ ]Bkgd only 2 30f /
20 : / \
B 20— / \
- CDF Run Il Preliminary (1.9 fb”) . /
10 - N
: ) M
C | 15 L N “
POO 150 200 250 300 50 o L 1 1 I | S VS | I LALALL) 1 | S VS | l LA Al | &
o (GEV/C 50 60 70 80 90 100 110 20
P M, (GeV/c
G el — 18
~ — -
> 2-tag: 99 events S 160 7& 2-tag: 99 events
c r o [ ]Data
B Data (O} -
c 20 L w 14 / [ Signal+Bkgd
2 I [] signal+Bkgd 3 12F () Bkgd
S £ . gd only
g 15 []Bkgd only S 10
w - b = CDF Run Il Preliminary (1.9 fb™)
10 8-
- , 6 \
5 CDF Run |l Preliminary (1.9 fb C
B 4 - \
: P e o e e | n S 2 5_ / \
fo0 150 200 250 300 350 0 - ~_
op (GeV/C) 50 60 70 80 90 100 110 120 130

Mji (GeV/c)
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CDF Dilepton template 1d projections g

o« F S F
> 14 0-tag: 83 events o 16 0-tag: 83 events
S . e "t Data
o 12( [ ]Data 2 14 [] |
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CDF All-Hadronic %
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An example transfer function
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